['-cxX0MMOCTD 1 KOMIIAKTHAasl KOHIEHTpalus B 3a1adax
Jnpuxie jus oneparopa Jlamnaca

Kparkoe cosepkanne kypca

[Ipounrano B Jlaboparopun Hebwimésa (Cankt-Ilerepbypr) B heBpasie-mapre
2016 .

OcnoBHas 1e/b Kypca — Teopema Bucur’a o xkoMmakTHOR KOHIEHTparmn 3agad Jlnpuxie
A7s oreparopa Jlamiaca ¢ HyaeBbIM KpaeBbIM ycaoBueM. [lg 3Toro TpedyroTcs HEKOTOpbLIe
[IPEPEKBU3UTHI.

1. I'-cxogumocTs. Ilycts X — Tomosormteckoe npoctpaucrso, F,, n=1,2,..., u F — pyHsk-
nuonannl Ha X co 3Hadennamu B R. PaccmarpusaroTcs BapuanpoHnbie 3aiaau Fy,(r) — min,
F(x) = min, z € X; dyaxknuonassl F,, noHUMAaOTCs Kak Bo3myleHus ¢ynkiuonasa F. He
[IPEJITOJIArAETCH HUKAKOT TIAJAKOCTH (DYHKITHOHAIOB U BO3MYIIIEHHUI.

e JIopmKu IpejioKinI B HEKOTOPBIX CIydasix TOBOPUTh, aro F), I'-cxodumcesa x F. Oupe-
JleJIEHE MOXKHO YIPOCTHUTH, ecjin X YIOBJIETBOPsAeT mepBoil akcmome cuétnoctu. [lomywaro-
IIIIMCSI CEKBEHITMAIBHBIM OIPE/IeIeHIeM MOYKHO [TOJIb30BATHCA U B CIyHae CJAa0BIX TOIMOJIOT M
Ha 0AHAXOBBIX MPOCTPAHCTBAX, €c/in (DYHKITMOHAIBI F), YIOBIETBOPAIOT HEKOTOPHIM JIOMTOJTHU-
reabHbIM yesaousM (npeiozkenne 8.10 u3 Dal Maso, "An introduction to I'-convergence").

Bepxuune n mmxaue I-npesessr Beerga nosyrenpepbisabl causy (LSC). Tostomy obiryro
Teopuio I'-mipeesioB MOXKHO CTPOUTH TOIBKO HA MHOXKecTBax LSC-dyHKImOHAIOB.

Ecan F, LI F, a G, cxomures k G nenpepweno, o F, + G, LF + (G. B gacrtHocTH, ecan
GeC(X),10F,+G5 F+a.

Crenytoriiee Kar0dIeBoe CcBoiicTBO ['-cxommMocTn feaer e€ NpUMEeHNMOR K BOIIPOCAM Bapu-

armmonnoro ucancaenud. llycro X — merpmyeckoe npocrpancrso. Ecnn F, LF , cemeficTBO
{F,} axeuxospyumueno n kaxkplii u3 dbyskuunonanos F,, F uMeer POBHO OJMH MUHUMYM, TO
arg min F), X arg min F'.

Kpome Toro, B mpou3BOJIbHOM TOMIOJOTMIECKOM TPOCTPAHCTBE X BEPHO CJEAYIONIEE: €CJIn
F, L F , T, € X — Kakoii-ro MuHuMaizep gis F, n x, R € X, 10 r — MHUHUMAa3ep
dyukumonana F.

NnmeroT MecTo FacTUIHBbIE OOpAIlEHIS a8,/ TATUBHOrO CBOCTBA ['-cX01MMOCTI 1 TEOPEM O CXO-
aumoctu MuanMaiizepos (myHkT "Teopembl 0 JocTaTodnoM 4ducsie Bo3Mytenuit”" B Kypee). tu
pPe3yAbTATHI MOKA3BIBAIOT, YTO ['-cxoanMocTh — 310, rpydO roBops, camas caadasg CXOIUMOCTD,
BBIJIEPKIBAIOIIAs TPUOABJICHIE HEMPEPBIBHOIO BO3MYIIEHUS W TAPAHTUPYIOIMAS CXOANMOCTD
arg min’oB OyHKITMOHAIOB.

2. I'-komnakTHOCTb. THTerpaibubie (byHKIMOHAJIBI. ['-CXOAMMOCTh OKA3bIBACTCS HA-
CTOIBKO cj1aba, 9To pa3Hble KJIACCH (DYHKITMOHAIOB OKA3BIBAIOTCS |'-CEeKBEHITMATBHO KOMITAKT-
HBI; 9TO OTHOCUTCSI, HAITPUMED, K KJIACCy BOOOIe Beex (DYHKITMOHAIOB HA CernapadebHOM MeT-
putieckoM mpocTpancTBe. OIHAKO /ST PeaIbHBIX MPUJIOXKEHU 9TO YTBEPIKIEHIE CJIUIIKOM a0-
CTPAKTHO.

Bosee komkperHoe yTBeprK/eHHE TAKOBO: |'-CEKBEHIMAJIBHO KOMITAKTHBIM OVIET KJIACC
dynkuponanos suna F(u) = [, f(z, Vu(z)) dz sa W(Q), rne @ C RY — orpanmaennoe



OTKPBITOE MHOKECTBO, & MHTEIPAH/I [IO/IIMHEH YCJIOBUIO

CO|§|p < f(xv 5) < Cl|€|p7 0< Co <. (1)

3aech [-KOMIAKTHOCTD CIeAyeT MOHAMATH B CMBIC/e cyzKeHns LP-cunbHoi Tomosornd na WP
nn B cMblcste caaboit WP-rononornu. [locTosHHbIE ¢g U €] He IOJKHBI 3aBUCETH OT F.

Teopewmbr o I'-cexBeHMaIBbHON KOMIAKTHOCTH CEMEHCTB TAKNX MHTEIPAIBHBIX (DYHKIIMOHA-
JIOB MO3BOJISIET HAXO/UTH | -IIPE/IEsIbl, TECTUPYS IPEJAEIbHBIA MHTErPAH L OAXOAAIIUM (I0BOJIb-
HO CKyjIHBIM) KjaccoM byHKimil u. Tak MOXKHO ¢/Ie/1aTh B 3a/1a9€ FOMOIeHU3AINE SJLIUIITHIe-
CKUX OIEpPaTOpPOB (CM. KOJUIOKBHYM); B KypCe 3Ta CXeMa [PUMEHEHA K HCCJIEIOBAHKIIO 33149
Hupuxse B nepdopupoBaHHbIx 00/1aCTAX (CM. HIZKE).

HecnoxxHast cpesodnast mpoliejypa [o3poJisier jobasuth yciaosue upuxie ulgg = ¢

r
(p € WH(Q)) k dynknuonasaM ykazaHHoro seine smuja. Wmenno, ecom F, — F, To
r
E,(u ° u) = Flu
20 F X () D F0) b x
r€Fu-+oomnpuz ¢ E.)
B "peampubix" npunoxkennsx ['-cxoammocTs MOXKeT ObITH NCIIOIB30BAHA ABYMSI CIIOCOOAME.

{ufgoel/?/lvp(Q)}(u)‘ (Beroay nasee xg(x) paBHO HymO npu

IIycrs F, L F u ectn 9KBUKOIPIUTUBHOCTE. [lepBblil BapMaHT TpPHUMEHEHHS TAKOB: IIYCTh
HAC MHTEPECYIOT MUHHUMAi3epbl arg min F,, HO OHM BBIMUCJAIOTCA ILIOXO Iipu n = 1,2,...;
MOXKET OKA3aThCs, ITO TeM He MeHee arg min F’ camraercs xopormo. ['-cxonnMocTs mo3BoJIsieT
npudIN3UTEIBHO YKa3aTh arg min F,, nHanuncap ornenky argmin F),, ~ argmin F'. Tak Oyzer,
HaIIPUMED, B 33/1a9aX TOMOIE€HU3AIINL.

Hpyroit criocod npumeHnTh ['-CXOAMMOCTH BO3HHMKAET, KOIJIA HAC HHTEpecyeT arg min F,
HO OH IUIOXO BbIUmC/sieTcss. B stom ciaydae Hamo [-tnpubmmsnts dysaxmmonans F - dyHk-
unonanamu F,, 1as KOTOpBIX argmin F,, cumTaeTcs XOpOIIO, W CHOBA HAINCATH OIEHKY
argmin F,, ~ argmin F. Tak M0xXHO cienaTh, HAIPUMED, ¢ "HEJIATACHBIM" (DYHKITMOHATIOM
M30MePUMETPUHIECcKO 3agaan, [ -upubin3ns ero saannTreckuMn yHKITMOHAIaMu 3a1a49 (a-
30BOrO 1repexoza. 1o ke camoe otHocuTes 1 K yuknnonary Mumford’a-Shah’a, ncrionszyemo-
My JIJTsl TIOBBINIEHNST PE3KOCTH M300pazkeHnil B rpadudaecknx pegakTopax. B oboux mprumepax
KOHCTaHTa ¢g u3 (1) obpaiaercs B HOJIb: JoHpe/ie/bHble (DYHKIIMOHAIBI SJLUIMITHIHBI, HO HE
PaBHOMEDHO TIO 7M.

WuTepecHblil IpUMeEp FOMOr€HM3AMHA — FOMOIEHU3AINS PUMAHOBBIX MeTpuK (cm. Braides,
"T-convergence for beginners"). PumanoBbl MeTpuKU MOHUMAOTCH KakK (DYHKIIMH PACCTOSIHUIA,
TO €CTb MUHUMYMA JJIMH KPUBBIX, COEIUHSIONINX /B 33/aHHble TOUKN. [losTomy npumenmma
I-cxopumocts. OKa3bIBAETCs, YITO MPEIET OCIIIIHPYIOIIMX PUMAHOBBIX METPHUK MOXKET OKa-
3ATBCS PUHCAEPOBOT METPUKOIL.

3. Emkocru. Teopusi norennmasa. ToHkue cBoiictBa (dpyHKumii. [Ipocrpancrsy
HYRY) = WLA(RY), ocraménnomy mopmoit ||ul|z: + [|[Vul 72, coorBererByer Kraccmaeckas
émrocth Cap. CoboseBckre DyHKITMU TPABUIBLHO OMPEIETIATh ¢ TOMHOCTBIO 10 éMKocTi 0, TO
ecTh Keasuscrody: ana xKaxgoii u € HY(RY) cymecrsyer equncrsennas (hyHKIUA U, paBHAS
U TOYTH BCIOAY U KBA3UHENPEPLI6HaA. Takme KBa3mHeNnpepbiBHbIe (DYHKITMI TAKZKE HASBIBAIOT
ymounénnmmu. Bee coboeBckme DyHKITMEN ajee CINTAEM yTOTHEHHBIMIA.

st coboneBckux byHKIM UMEIOT MECTO EMKOCTHBIE yTouHeHHsi Teopem Pucca-Eroposal-
Cepeputu| 0 HOTOYETHON CXOAMMOCTHU: 3/€Ch PEUb HJET O CXOAUMOCTU KBAZUBCIO/LY UJIM O DABHO-
MEPHO CXOJMMOCTH HA JIONOJHEHUH MHOXKECTBA CKOJIb yroaHo Masioil émkoctu. (MHoi momxor
K YTOUYHEHUIO 3TuX Teopem paspadoran Dyriene, BBe/ss B PACCMOTPEHNE CeMelicTBa Mep, HC-
KJIFOUUTE/bHBIX B CMBIC/IE 9KCTpeMaJibHOM myinabl.) Teopema Jlebera o Toukax Jlebera dynkimn
TaKIKe JOIMYCKAET EMKOCTHOE yTOTHEHIE.

B cBsi3u ¢ Teopueit EMKOCTH BBOJSITCS KJIACCHI KGA3UOMKPUMHT U MOHKO (fine) omxpumuix
muOXKecTB. OrpeiesieHnst OKa3bIBAIOTCS 9KBUBAJIEHTHBIMU C TOTHOCTBIO 70 HYJIEBOW €MKOCTH.
[IpumeHeHMsT TOHKO OTKPBITHIX M KBA3HOTKPBITHIX MHOKECTB, OJHAKO, PA3JIMIHBIL.

MHoxKecTBa HayPOBHS KBAa3MHENPEPBIBHON (B dacTHOCTH, JIIOOOH yTOYHEHHOH COBOJIEB-
CKOI1) (byHKIMN KBA3HOTKPBITHL.



TOHKO OTKPBITBIE MHOYKECTBA, B OTJIMYUE OT KBAZHOTKPBITHIX, 06PA3YIOT TOMOJIOIHO (1moH-
xas monoaozus Kapmana). Jliobast kBasunenpepbiBHas (YyHKIINS TOHKO HEIPEPHIBHA B KBa3H-
BCEX TOYKAX.

Teopema Kaprana o TOHKO OTPBITBIX MHOXKECTBAX OIMCHIBAET TAKIE MHOYKECTBA epe3 Pas-
PEXKEHHOCTDh WX JIONOJIHEHHi. Pa3perkeHHOCTh MHOXKECTBA B TOYKE, B CBOIO OYEPE/Ib, MOXKET
OBbITL OXapaKTepPU30BaHa C MOMOIBIO KpuTepus Brnepa. XopoIo U3BeCTHO, 9TO 3TO YCJIOBHE
OTBEYAET 3a HEeIPEPBLIBHOCTL perrennii 3aja4 lupuxie aas oneparopa Jlamaca; rpanndnbie
JIAHHbIE JIOJZKHDBI ObITH HEIIPEPDLIBHBI, & PEIIeHne CTPOUTC C MOMOIIBI0 HAPHLEPOB.

Hpyrasa reopema Kaprana — émkocTHbIi anaJsor TeopeMbl Jlebera o Toukax Jlebera mmroorce-
cmea: amas moboro E C RY muomectso {x € F: F paspeskeno B 1} nMeeT HYJIeBYIO EMKOCTb.

O1HO U3 TPUIOKEHNIT TEOPUHN EMKOCTH — TEOPEMA AITPOKCUMAIINN, YBI3bIBAIOIIAST DA
upie onpesenennst npoctpanctea Hi(Q), rae Q C RY — npoussoavtoe oTKpBITOE MHOIKECTBO:

closgpny C5° () = {u € H'(RY): u = 0 xsasmscrony 8 RY \ Q.

4. EmkoctHbIe Mepbl. PesakcupoBannbie 3anaun JIupuxie B orpaHnYeHHOM GOK-
ce. Cxoanmoctn 3aa4 lupuxie B mepeMenHO#l 0OacTH MPOIe N3YYaTh B CJIytdae, KOIIa BCe
00J1acTH OrpaHUYEHbI B COBOKYITHOCTI: MBI JIETKO MOZKEM IT0JIb30BATHCA HepaBeHcTBOM llyamka-
pe u Teopemoit Pesutnxa. B cay4ae, korga obiacTu e orpaHnydenbl B COBOKYITHOCTH, IPUMEHSI-
ercs Jokaam3anmsd. Takas Teopusi Oputa pazsura B padorax Dal Maso, Mosco’87 u Dal Maso,
Murat’97.

Yepes My 00603HAMEM ceMeHCTBO HEOTPUIATEILHEIX Oopeaesckux Mep B RY | megesarormmx
ma muoxKecTBax émkoctn 0. Ecm v € HY(RY) — yTounénnas, To KOPPEKTHO ONpeIeIeH HHTE-
rpait o u® dp € [0, +o0).

Il orparmaennoro oTkpsrToro 2 C RY u € M, nomoxxum

F,(u,Q) ::/|Vu|2dx+/u2d,u+XHé(Q)(u), u € L*(RY).

RN RN

Bysem roBopurh, 4To HOCHEAO0BATENBHOCTD { i, }00 | C My y-cxomurest K mepe 1 € My, eciu
F,.(-,Q) T-cxoaures x F,(+,$2) B L*(§2)-cubroit Tononornn (nm B L*(Q)-craboit, wan B A (£2)-
c1aboit TOMOMOrny) JJ1si MPOM3BOIBLHOIO OPAHIIEHHOr0 OTKpBITOro ) C RY
v .
Ecmu p,, — p, TO, MO QIIUTUBHBIM CBOMCTBAM ['-CXOAMMOCTH M [0 TEOPEME O CXOAMMOCTH
MIHEMai3epos, a1 moboit dyrkman f € L2(RY) u ama mo6oro orpaHIMeHHOr0 MHOMKECTBA

Q Cc RY umeem

argmin | F, (u, /fudx 27% argmin | F,(u, Q) /fudx . (2)

[IpaByto wacTh mOCETHErO MPEIETHHOIO COOTHOIIEHNST HA3BIBAIOT CAGObM BAPUAUUOHHBLM DE-
wenuem ypaBHEHNA

(—A+M)U:fBQ,

u € H} (D). )

Apromaruueckn umeeM u € L2(p), 1 u UCUe3aeT BHE PE2YAAPH020 MHONCECTNGE MEPDI fi. st
pettiennii cucreM (3) BEPHBI IPUHIAI MAKCHMYMA, U ypaBHeHue Jiiiepa (B KOTOPOM B KaIeCTBE
npobubix dynkiumit 6epyres dynkmun kaacca Hy () N L2 (u)).

Ilycts E C RY. Onpenerum mepy cop € M paBeHCTBOM

0, Cap(BNE) =0;

B) .=
o5 (5) + 00, Cap(BNE)>0;



nast 6openesckoro B C RY. Ecimm A € RY — orkpertoe, To yeiosue u € L?*(oogny 4) s
u € HYRY) osmauaer, aro u € Hi(A). 10 MO3BOAAET CTABATL Hy/IEBOE KPAEBOE YCJIOBHE
Hupuxie na JA.

Dal Maso u Mosco mostysmin /Ba CyIieCTBEHHBIX PE3YIbTATA O KJIACCe EMKOCTHBIX MED:

e kiacc M, y-ceKBeHIIMAIbHO KOMIIAKTEH;

o st 000 1 € M, HalAETCS Takas I0CJIEI0BATEIBHOCTh OTKPBITBIX MHOMKECTB
g
A, CRYN, 410 cogpn 4, = 4 (B 9TOM Caryuae GyeM rOBOPUTE, 9TO HOCJIEIOBATENLHOCTE
MHOKECTB { A, }°° | y-CcxoauTes K Mepe fu).

WHbIiME ciioBaME, KJIace 3a4a4 s OIepATOpOB Buaa —A + (1 OJTy9IaeTcs 3aMbIKAHUEM KJIaCca
3a/a4 s orieparopa —A B pasaudHbix obaactsax A, oTHOCHTENbHO Y- win [-cxopaumoctu (BO
BCEX 3a/1a49aX CTABUTCS HyJEBOe Kpaepoe yciaosue lupuxie).

[Iponnmoctpupyem atot adpdext. Ha mrockocrn R? HafigéTes mocie 0BaTeIbHOCTL OTKPEI-
Thix MHOXKecTB A, C Bg2(0,1), a Tak:ke — nocrostanast C' € (0, +00), a1t KOTOPBIX npu Jit0O0I
[ € L*(R?) pemenns 3anaa dupuxie

—Au, = [ B Ap;

u, = 0 Bue A,
cxonstest HY (Bg:(0,1))-cnabo (a noromy n L?(Bga(0, 1))-cuibHo) K perienuo 3a,1a4m

(—A+C)u = [ B Br2(0,1);
u = 0 Bue Bpgz2(0, 1).

L1t 9TOr0 M0CTATOIHO B3ATH NEPPOPUPOSaHHbLE 0DAGCTIU

‘ 2
An = B2 (0, 1)\ | Bre ((j/n.k/n), exp(—n?)) .
4, kEZ
Paanyc e B 9TOM [IOCTPOEHNN TOJAOUPAETCS U3 EMKOCTHBIX coobpazkenuit. JokazareabcTBo
B II€JIOM IIPOBEIEHO B KypCe.

5. Pe3osibBeHThbl emHULBI. OKA3bIBACTCS, YTO 38 CXOAUMOCTD 33,124 Buja (3) oTBedaeT
CXOJIMMOCTB peIeHnit 9tux 3a1a41 npu f = 1. Pe3ynbraTs! B 9TOM HaIpaBIeHUH OBLIH IOy T€HbBI
Dal Maso u Murat’om, a mocse — yayumens Bucur’om.

Dal Maso u Murat goxasamnm, 9To B ozparuvernnom muoxkectse () C RN mepa p Boccranas-
JBaeTCd ONHO3HAYHO 110 (DYHKIUHI W, 0, A/ KOTOPOII

(—A + :u)w,u,ﬂ =18 Q;
w0 € H&(Q)

1+ Aw,,

N )
L1t 9TOr0 OHM NPUAAJMA TOYHDBIA CMDBICJI PABEHCTBY [t = . Pegyaprar Dal Maso u

Wp0
/’117
Murat’a ycranaBinBaeT OMEKITHIO MEXKTY KJIACCOM €MKOCTHBIX Mep B ) n kjgaccom (pyHKIN

w € HY(Q), ans koropeix 1+ Aw > 0 B cMblcsie pacnpeieeHuii.
D1a TeopeMa I103BOJIAET 3aKI0INTh, 9T0 {w, o > 0} KBA3UBCIO/LY COBIAIAET C PErYJISPHBIM
MHOZKECTBOM MEDBI [4 (empo2uti nPpuHuun Maxcumyma).

N
Takzxe Dal Maso u Murat sokaszasn, 910 B OrpaHn<eHHoOM DOKCE [, — (L €CJIN H TOJIBKO €CJIN

L2
Wy, — Wya. llycrs R, o — pesosssenTa oneparopa —A + [ ¢ HyJIeBbIM KPAeBbIM yCJIOBHEM
ma 0}, paccmaTpuBaeMas Kak omepartop u3 L? B L?. Pesyaprar Dal Maso n Murat’a sxyme c
cooTHOIIeHnEM (2), TaKiM 00pa30M, [MOKA3BIBAET, YTO /I CUJIBHON [MOTOUYEYHON CXOAUMOCTH
omepatopos R, o mocratouna L2-cxomumocts dynkmmii R, o(1). Bucur, oamrako, yeumur 3710,



0TOPOCHB YCIOBIE OIPAHMTEHHOCTH MHOKECTB U JIOKA3aB PUGHOMEDHYI CXOJUMOCTD PE3OILBEHT
(/711 MHOYKECTB, & HE JIJIS [IPOU3BOJIBHBIX MED).

6. KomnakThHas koHnenrpammsa. llycts A, C RY - oTkpeITble MHOXKeCTBa,
sup |A,| < +oo. Ecim 1 € My, a perysisipHoe MHOXKECTBO MEPbI [t UMEET KOHEYHbIH 0ObéM,
n

TO depe3 R,, 0603HAYNM Pe30IbBeHTy omepaTopa —A + £ (paccMaTpHBaeMyIo KaK OIIEpaTop 3
L? 8 L?). Janee, Ry, := Rocyn, - TTONOKIM Wy, = Ra,(1).

I[lepsast Teopema Bucur’a orHocHTCst K ciydaro, Koraa GyHKINM w4, cxoaares L2-cuibHO K
nexoropoit dynxmm w € L*(RY), a muoxkecrsa A, v-cxonares K nekoTopoil mepe 1 € M. B
9TOM CJIyae:

e pioxkenue (nesuneiinoro) muoxectsa | J H} (A,) B L*(RY) komnakTho;
n

o R4,
H'HL2HL2
HokazarenbcTBo ncnosb3yeT "pasgokasm3anuio” onpeeeHns y-CXOINMOCTH.
Bropas teopema Bucur’a yreepxkmaer, 9T0 jisi JiF00OH TOCIEIOBATENHHOCTH OTKPBITHIX
(m1m KBa3sHOTKPHITHIX) MHOMKeCTB A, C RY ¢ TouHOCTBIO 0 HOANOCIEIOBATEILHOCTH BEPHO
OJTHO U3 JBYX:

o (KommnakTtaas xonmentpamms) HaiigyTces BekTops! y, € RY, pid KOTOPHIX mocienoBa-
TEJIBHOCTD Wy, | A, CXOIUTCHA L?-cunnao; Takzxe ¥, + A, Yy-cxomaTes K HeKOTODOI Mepe [i.
B srom caywae cripaBeamuBo yTBepIKIeHNe epBoii Teopembl Bucur’a.

. i 7 1 2
o (duxoromust) Haiigyrcst KBa3HOTKPBITBIE MHOXKECTBA A, JJIst KOTOPBIX A, = AP L AL ),

muozectea ALY AP KBA3HOTKPBITHI, dist(AS),Aﬁf)) T o, liﬁ|A£})| > 0,

n—oo

lim [AS)] > 0, |Ra, — R [lz2r2 =% 0.

JlokazaTebCTBO 9TOH TEOPEMBI MOIYYaeTCs IpUMeHeHneM K (hYHKIUSM w4, TeopeMbl Jlu-
OHCA, B KOTOPOH YTBEPXKIACTCS B IIEJIOM aHAJOIUYIHAS TPOUYIHAS AJbTEPHATUBA /I [TOCIET0-
BaTenpHOCTH (BYHKITHI, OrpaHngIeHHbX B H 1,

B obenx Teopemax Bucur’a — kak u B padore Dal Maso n Murat’a — okassiBaercst, 910 3a
CXOJIMMOCTb MHOXKECTB A, (1 38 MX PE30JIbBEHTHBIE OIEPATOPHI) OTBEIAET CXOJAUMOCTH (DYHK-
nuit wy, = R4, (1). Kak npaBusio, 10Ka3aTesbCTBa MOJIy9a0TCsd HHTEIPUPOBAHUEM 10 ACTSIM,
KOTOPOE €CTh HU 9TO MHOE KAK ypaBHEHHE Dilepa s SHePreTuIecKnx (DYHKIIMOHAIOB.

st Tokamm3anmm MHOKECTB A, B c/Iydae, KOTIa OHI CXOAATCA K &, UCIIOIB3YETCsl TEOPEMA
Lieb’a o capurax obsacreil: mid a0bbx MHOkecTB A, B C RN n nia moboro € > 0 Haiinéres
takoe y € RY, wro A (AN (y + B)) < A(A4) + M\ (B) + & Bnecs A (A) — neppoe cobeTserHOE
qucsio ornepatopa —A B MHOXKecTBe A ¢ HYJEBBIM KpaeBbIM ycjoBueM Jlupuxie.
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